T revealed relatedness of 19.9 %. Comparative analysis of 16S rRNA gene sequences available in GenBank allowed matches to strains isolated in the USA, suggesting a wider geographical distribution. A novel species named Kingella negevensis sp. nov. is proposed, as most strains have been isolated in the Negev, a desert region of southern Israel. The type strain is Sch538 T (=CCUG 69806 T =CSUR P957).
Kingella species belong to the large family Neisseriaceae and are mostly commensals of the oral cavity, primarily in humans [1] [2] [3] [4] [5] and occasionally in animals [6] . In humans, the most frequently recognized of these genus members is Kingella kingae that belongs to the HACEK group of fastidious Gram-negative organisms (Haemophilus species, Aggregatibacter species, Cardiobacterium hominis, Eikenella corrodens, Kingella species). Initially assigned to the genus Moraxella by King in 1960 [1] , the bacterium was transferred to the novel genus Kingella in 1976 by Henriksen and Bøvre, and renamed K. kingae [2] . Subsequently, three additional species in the genus Kingella have been identified based on sequence analysis of the small subunit of the ribosomal RNA gene (16S rRNA), namely Kingella denitrificans [3, 4] , Kingella oralis [5] and most recently Kingella potus [6] . Although kingellae are usually carried asymptomatically, they can cause human invasive diseases of significant impact for public health [6] [7] [8] . Nowadays, K. kingae is largely recognized as a prime cause of bacteraemia and osteoarticular infections in early childhood, and less frequently endocarditis and meningitis [8] . In addition to an increase in the number of identified sporadic cases, K. kingae has been placed as a novel agent of disease outbreaks in daycare centres in the USA, Israel and France in recent years [9] , prompting numerous prospective studies, mostly conducted in Israel and Europe, aiming to investigate the age-related carriage rate of K. kingae in the upper respiratory tract [10, 11] .
In the 2000s, epidemiological studies were conducted in the Negev desert region of southern Israel on 7217 healthy children aged from 2 months to 8 years old. Pharyngeal specimens were inoculated onto BAV medium [12] , a selective vancomycin-containing medium, to inhibit the competing Gram-positive flora and facilitate the recognition of the haemolytic K. kingae colonies. Agar plates were incubated aerobically at 35 C in a 5 % CO 2 -enriched atmosphere and examined for 2 days. Unexpectedly, a few isolates, initially identified as small colony variants (SCVs) of K. kingae [13, 14] , showed an atypical phenotype consisting of unusually long chains of coccobacilli, early autolysis, poor growth as pinpoint b-haemolytic colonies on blood-agar plates and excellent growth on GC-base medium. Pulsed-field gel electrophoresis (PFGE) was used to genotype SCVs. Chromosomal DNA of SCV isolates was purified by the method of Maslow et al. [15] . Enzymatic digestion was performed with the EagI restriction enzyme according to the manufacturer's guidelines (New England Biolabs), and the resulting restriction fragments were separated in a counterclamped homogeneous electric field apparatus, as described by Amit et al. [16] . To estimate the genetic relatedness among strains, restriction patterns were interpreted according to the criteria proposed by Tenover et al. [17] . Isolates exhibiting similar (indistinguishable and closely related) PFGE profiles were considered to belong to the same clone. SCV strains exhibited 10 distinct PFGE-related genomic profiles that were remarkably similar, and differed from those of K. kingae strains (Fig. S1a , available in the online Supplementary Material) [14] . However, several phenotypic characteristics suggested that these bacteria were members of the genus Kingella, including their growth on BAV medium, coccobacillary shape and absence of pigmentation (Table 1) .
To determine whether these SCV isolates represent a novel species, we studied 21 of them, including at least one representative of each PFGE profile-associated clone, using a polyphasic approach that comprised the analysis of 16S rRNA gene sequences, biochemical characterization and matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF) MS analysis. One SCV isolate, herein referred to as Sch538 T , was randomly selected for an indepth comparison with K. kingae ATCC 23330
T that included fatty acid analysis, whole genome sequencing and genome comparison. In addition, an SCV strain isolated in Switzerland from the oropharynx of a healthy 6-year-old boy and referred to one of the authors (PY) was also included in the study.
Subculture of strains exhibiting the SCV phenotype (Fig. 1a ) was attempted at a wide range of temperatures (29, 37 and 55 C) , and in different conditions of pH and salinity. Growth of the strains was also tested under anaerobic and microaerophilic conditions using GENbag anaer and GENbag microaer systems (bioM erieux) and under aerobic conditions, with and without added 5 % CO 2 . Isolates were then observed under a transmission electron microscope (FEI) operated at 200 keV. API ZYM and API NH kits (bio-M erieux) were used to perform biochemical assays. Oxidase (Becton Dickinson) and catalase (bioM erieux) assays were done separately. Antibiotic susceptibility was tested using the standard disc diffusion procedure with SirScan Discs antibiotics (i2a), and Etest method (AB Biodisk) for vancomycin as described by the European Committee on Antimicrobial Susceptibility testing (EUCAST) (http://www.eucast. org). Interpretation was based according to the EUCAST breakpoints.
Growth of strains Sch538
T and K. kingae ATCC 23330 T was obtained at 29 and 37 C, with optimal growth at 37 C. No growth was obtained at 55 C. The optimal pH and NaCl concentration were 6-8.5 and 0-5 g l À1 , respectively. Both strains grew under anaerobic and aerobic conditions, with or without 5 % CO 2 , but optimal growth was observed under aerobic conditions with added CO 2 . Colonies of strain Sch538
T grown on 5 % sheep blood-enriched Columbia agar (bioM erieux) were b-haemolytic, pale yellow, smooth and with a diameter of 0.5-1 mm; those of K. kingae ATCC 23330
T were pale grey and 2-5 mm in diameter (Fig. 1a) . Motility and sporulation assays were negative for both strains. Cells of strain Sch538
T were Gram-stainnegative, and appeared as pairs or short or long chains of coccobacilli (Fig. 1b) , with a mean diameter and length of 0.9 µm (range 0.7-1.2 µm) and 1.3 µm (range 1-1.7 µm), respectively (Fig. 1c) . Cells of K. kingae ATCC 23330
T were also Gram-stain-negative but appeared as pairs or short chains of coccobacilli with a mean diameter and length of 
0.6 µm (range 0.5-0.7 µm) and 1.3 µm (range 1-1.5 µm), respectively.
Strain Sch538 T showed oxidase activity but was negative for catalase. Positive reactions were observed for alkaline phosphatase, leucine arylamidase and acid phosphatase. Negative reactions were recorded for esterase, esterase lipase, lipase, b-glucosidase, b-galactosidase, a-mannosidase, afucosidase, cystine arylamidase, valine arylamidase, trypsin, a-chymotrypsin, a-glucosidase, a-galactosidase, b-glucuronidase, naphthol-AS-BI-phosphohydrolase and N-acetylb-glucosaminidase. The strain produced acid from glucose but not from other sugars (maltose, fructose or sucrose). Negative reactions were observed for urease, indole, lipase, alkaline phosphatase, b-galactosidase, proline arylamidase, g-glutamyl transferase, ornithine decarboxylase and penicillinase. Strain Sch538
T was susceptible to amoxicillin, amoxicillin/clavulanic acid, ticarcillin, ceftriaxone, cefalotin, imipenem, gentamicin, trimethoprim/sulfamethoxazole, doxycycline, metronidazole, kanamycin, rifampicin, ciprofloxacin, nitrofurantoin and colistin, but resistant to erythromycin and vancomycin (vancomycin MIC: 6 µg ml À1 ). The cefinase assay (bioM erieux) was negative. When compared to K. kingae ATCC 23330 T , strain Sch538 T differed in acidification of maltose (Table 1) .
MALDI-TOF MS analysis was performed with a MicroFlex LT mass spectrometer (Brüker Daltonik), as previously reported [18] . Briefly, each isolated colony was deposited on a MicroFlex target plate using a 1 µl plastic loop. Then, each colony was overlaid with 2 µl of matrix solution (saturated solution of a-cyano-4-hydroxycinnamic acid in 50 % acetonitrile and 2.5 % tri-fluoracetic acid), and the matrix sample was crystallized by air-drying at room temperature, as previously described [19] . Two spots were systematically created for each colony, and each isolate was characterized by at least 12 spots. The obtained spectra were compared to the Brüker database that contains K. kingae spectra, and then added to our personal database. The spectrum obtained from SCV isolate Sch538 T (Fig. S2a ) was selected as a reference for further SCV isolates. An isolate was considered correctly identified by MALDI-TOF MS if its spectrum had a score !1.9 for species identification or !1.7 for genus identification with a species in the database. Strain Sch538 T exhibited scores lower than 1.9 with all species in the Brüker database, including K. kingae and other Kingella species. The gel view comparing the five members making up the genus Kingella indicated a clearly distinctive pattern for strain Sch538 T (Fig. S2b) . Overall, the 20 other tested SCV isolates exhibited scores ranging from 2.0 to 2.4 with strain Sch538
T , thus classifying them in the same species (data not shown).
Cellular fatty acid methyl ester (FAME) analysis was performed by GC/MS for strain Sch538 T and K. kingae ATCC 23330 T . Two samples were prepared with approximately 44 and 75 mg of bacterial biomass per tube harvested from several culture plates for strains Sch538 T and K. kingae ATCC 23330 T , respectively. FAMEs were prepared as described by Sasser et al. [20] . GC/MS analyses were carried out as described by Dione et al. [21] . Briefly, FAMEs were separated using an Elite 5 MS column and monitored by MS (Clarus 500 À SQ 8 s; Perkin Elmer). A spectral database search was performed using MS Search 2.0 operated with the Standard Reference Database 1A (NIST) and the FAMEs mass spectral database (Wiley). The major fatty T , mostly saturated, were tetradecanoic acid (C 14 : 0 , 38 %), dodecanoic acid (C 12 : 0 ,23 %), hexadecanoic acid (C 16 : 0 ,20 %) and 9-hexadecanoic acid (C 16 : 1n7 ,18 %). Two specific 3-hydroxy fatty acids were also detected: 3-hydroxydodecanoic acid (C 12 : 0 3-OH, 7 %) and 3-hydroxy-tetradecanoic acid (C 14 : 0 3-OH, 4 %). The differences in fatty acid composition among the studied Kingella strains are shown in Table 2 .
The 16S rRNA genes of the 21 SCV isolates were amplified and sequenced using the FD1 and rP2 primers, as previously described [22] . Nucleotide sequences were then compared to those of other members of the family Neisseriaceae, including 19 species with names with standing in nomenclature (Table S1 ). Only 16S rRNA genes for which complete sequences with no ambiguous positions were available were retained for further comparative tests. As no whole genome sequence was available for K. potus, and the extracted 16S rRNA gene sequences did not meet the above-mentioned criteria for K. denitrificans and K. oralis, the longest available 16S rRNA gene sequences with no ambiguous positions were retained for these species. Nucleotide sequences were aligned using MAFFT v7.22.2 in Geneious R9.0.5 [23] . Among Kingella species with validly published names, 16S rRNA gene sequence similarity values ranged from 94.68 % between K. denitrificans and K. potus to 96.11 % between K. kingae and K. oralis. When compared to these Kingella species, strain Sch538 T exhibited 16S rRNA gene sequence similarity values ranging from 95.66 % with K. denitrificans to 96.91 % with K. kingae ATCC 23330 T (Table S1) . Among SCV strains, 16S rRNA gene sequence similarity values ranged from 99.35 to 100 % (Table S2 ). The nucleotide sequence alignments of the 16S rRNA gene within the genus Kingella indicated that the hypervariable regions V1 (from 72 to 103 bp), V2 (from 128 to 246 bp), V6 (from 1013 to 1049 bp) and V9 (from 1425 to 1469 bp) were the most informative to discriminate SCV isolates from K. kingae strains (Fig. S3) .
Phylogenetic analyses were performed using MEGA7 [24] , with genetic distances determined according to the Kimura two-parameter model and phylogenies reconstructed with the neighbour-joining and maximum-likelihood methods. Bootstrap values were obtained by repeating the analysis 1000 times. The 16S rRNA-based phylogenetic analyses within the family Neisseriaceae indicated that the species most closely related to strain Sch538 T was K. kingae (Fig. 2 ) by applying both neighbour-joining and maximumlikelihood methods. Among SCV strains, three distinct sub-groups were identified (Fig. S1b) . However, it has been previously shown that 16S rRNA gene sequence threshold values used to delineate species and genera [25, 26] are inadequate to discriminate between members of the family Neisseriaceae [27] . We notably observed that K. denitrificans, E. corrodens, N. elongata, N. weaveri, N. flavescens, N. mucosa and Simonsiella muelleri exhibit degrees of 16S rRNA gene sequence similarity greater than 95 % with strain Sch538
T . Therefore, phylogenies based on the concatenated sequences of five housekeeping genes, abcZ, adk, G6PD, groEL and recA, extracted from the corresponding whole genome sequences were also studied, which confirmed the position of strain Sch538 T , with bootstrap values greater than 95 % for most nodes (Fig. S4 ).
In addition, to assess the genetic diversity and geographical distribution of this novel species, we searched for further 16S rRNA gene sequences of Kingella species in the GenBank database, up to 15 July 2016. The search produced 640 results; of these we discarded 56 sequences that were not attributed to the genus Kingella, and 369 that were part of whole sequence genomes. Alignment of the 215 remaining 16S rRNA nucleotide sequences of Kingella species filtered in GenBank disclosed one strain named Kingella sp. M03-232 (accession number AY644511) with 100 % similarity to SCV strain Sch538 T (Table S2 , Fig. S2b ). This strain was isolated in the USA in 2004 (unknown source), indicating widespread distribution of the novel species.
Genomic DNA of strains Sch538 T and K. kingae ATCC 23330
T was sequenced on a MiSeq sequencer (Illumina) using the paired-end strategy and the Nextera XT DNA sample prep kit (Illumina). The reads obtained were trimmed, then assembly was performed using the CLC genomics WB4 software. ORFs were predicted using Prodigal [28] with default parameters. The predicted bacterial protein sequences were searched against the GenBank and Clusters of Orthologous Groups (COG) databases using BLASTP. tRNAs and rRNAs were predicted using the tRNAScan-SE and RNAmmer tools [29, 30] . Signal peptides and numbers of transmembrane helices were predicted using SignalP and TMHMM [31, 32] . Mobile genetic elements were predicted using PHAST and RAST [33, 34] . Orphan genes (ORFans) were identified if their BLASTP E-value was lower than 1e
À03 for alignment length longer than 80 aa. If TR alignment lengths were shorter than 80 aa, we used an Evalue of 1e À05 . Artemis and DNA Plotter were used for data management and visualization of genomic features, respectively [35, 36] . The Mauve alignment tool (version 2.3.1) was used for multiple genomic sequence alignment [37] . The 16S rRNA gene sequence of strain Sch538
T was deposited in GenBank under accession number LK985395. The genome of strain Sch538
T was 2 119 158 bp long with a G+C content of 45.5 mol%, and composed by 80 scaffolds. Of the 2248 predicted genes, 2184 were protein-coding genes and 64 were RNAs (five 5S rRNAs, four 16S rRNAs, four 23S rRNAs, 51 tRNAs). A total of 1551 genes (71.02 %) were assigned a putative function (by COGs or NR blast). Seventy-nine genes were identified as ORFans (3.62 %). The remaining genes were annotated as hypothetical proteins (478 genes, 21.89 %). The properties and statistics of the genome are summarized in Table S3 while the distribution of genes into COG functional categories is presented in Table S4 .
Strain Sch538
T exhibited a larger genome than K. kingae but smaller than those of all other compared species (Table S5) . However, strain Sch538
T had more protein-coding genes than all other species except K. oralis and Alysiella crassa. The G+C of strain Sch538
T was higher than those of S. muelleri and A. crassa but lower than those of all other compared species. To estimate the mean level of nucleotide sequence similarity at the genome level between strain Sch538
T and other bacteria, the average genomic identity of orthologous gene sequences (AGIOS) and digital DNA-DNA hybridization (dDDH) parameters were calculated using the MAGI [38] and GGDC [39, 40] software programs, respectively. Among Kingella species with validly published names, AGIOS values ranged from 73.65 % between K. kingae and K. oralis to 75.67 % between K. denitrificans and K. kingae (Table S6) . When compared to these Kingella species, strain Sch538
T exhibited AGIOS values ranging from 72.38 % with K. denitrificans to 77.35 % with K. kingae ATCC 23330
T . The fact that strain Sch538 T exhibited AGIOS values in the range of those observed among species with standing in nomenclature supported its classification in a novel species [38] . Moreover, among Kingella species with validly published names, dDDH values ranged from 14.0±0.92 % between K. kingae and K. oralis to 14.4±0.9 % between K. denitrificans and K. oralis (Table S7) . When compared to these Kingella species, strain Sch538 T exhibited dDDH values ranging from 13.5±0.94 % with K. denitrificans to 19.9±0.71 % with K. kingae ATCC 23330
T . As strain Sch538
T exhibited dDDH values lower than 70 % with Kingella species with standing in nomenclature, it may be considered as belonging to a novel species [41] .
On the basis of phenotypic, biochemical and genomic analysis, we herein describe a novel human-associated bacterial species classified unambiguously within the genus Kingella. As most strains were isolated in the Negev region of southern Israel, the name Kingella negevensis sp. nov. is proposed. Because of highest gene sequence similarities with the pathogenic K. kingae and the shared oropharyngeal habitat, studies are currently being conducted to determine whether K. negevensis also plays a role in human infections.
DESCRIPTION OF KINGELLA NEGEVENSIS SP. NOV.
Kingella negevensis (ne.gev.en¢sis. N.L. fem. adj. negevensis, referring to the Negev desert in southern Israel, the region where most strains of the species were isolated).
Cells are coccobacillary, non-spore-forming and nonmotile. They are Gram-stain-negative, oxidase-positive and exhibit aerobic and facultatively anaerobic capnophilic growth. Negative reactions are observed for urease, catalase, indole, lipase, alkaline phosphatase, b-galactosidase, proline arylamidase, g-glutamyl transferase and ornithine decarboxylase. After incubation at 37 C for 1 day on 5 % sheep blood-enriched Columbia agar, colonies are b-haemolytic, round, pale yellow, smooth and 0.5-1 mm in diameter. Cells have a mean diameter and length of 0.9 µm (range 0.7-1.2 µm) and 1.3 µm (range 1-1.7 µm). Positive reactions are observed for alkaline phosphatase, leucine arylamidase and acid phosphatase. Negative reactions are obtained for esterase, esterase lipase, lipase, b-glucosidase, b-galactosidase, amannosidase, a-fucosidase, cystine arylamidase, valine arylamidase, trypsin, a-chymotrypsin, a-glucosidase, agalactosidase, b-glucuronidase, naphthol-AS-BI-phosphohydrolase and N-acetyl-b-glucosaminidase. Produces acid from glucose but not from other sugars (maltose, fructose or sucrose). Cellular fatty acids include important amounts of C 12 : 0 , C 14 : 0 , C 16 : 0 and C 16 : 1n7 .
The type strain is Sch538
T (=CSUR P957=CCUG 69806 T ). The DNA G+C content of the type strain is 45.7 mol%. Twenty additional strains of the species were isolated from the oropharynx of healthy children in Israel and Switzerland.
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